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to resemble models employed for terrestrial mammal pop
ulations. There is an abundance of data on which to base
analytical assessments for many of the major cetacean
stocks, but in other cases, even with the use of sophisticated
models, the assessment results are uncertain because of in
sufficient or questionable data. This limitation applies to
finfish stocks as well. In the absence of appropriate data,
the very best model is no better than a dartboard.

Some of the analytical models developed for use on fin
fish stocks can also be used on elasmobranch stocks if the
appropriate input data are available. For example, the
Schaefer stock-production model, one of the simplest
models for teleosts, which requires only a time series of
catch and effort (or CPUE) data, may be applicable for
use on an elasmobranch stock providing that a sufficiently
long (e. g., 20-30 years) time series of data is available. U n
fortunately, such a time series for an individual elasmo
branch stock is not known to exist. However, one of the
shortcomings of a stock-production model is that it pro
vides only a limited amount of useful information (e.g.,
an estimate of maximum sustainable yield (MSY) under
equilibrium conditions, which rarely, if ever, exist). Otto
et al. (1977) and Anderson (1980) attempted to estimate
the MSY of large sharks in the Western North Atlantic
using the combined international catch (reported and
estimated unreported) of a mixture of species/stocks and
effort data from the Japanese longline fishery, but the
results are totally uncertain owing to the use of questionable
data and the unknown impact of fishing effort on multiple
species/stocks.

Stock-production models are more practical and useful
in the early stages of assessment when a data base is
developing. Later, when more extensive data bases are
available (e.g., age composition of the catch), assessments
should be done with more analytical or age-structured
models such as virtual population analysis (Gulland 1965)
or cohort analysis (Pope 1972). Such models provide past
and present estimates of age-specific fishing mortality rates
and stock sizes and permit the forecasting of future catches
and stock sizes. This type of approach is presently used
on numerous finfish stocks in the Northeast Atlantic that
are assessed by the International Council for the Explora
tion of the Sea (ICES) (Anonymous 1988) and managed
on the basis of total allowable catches (TAC) established
annually.

Analytical assessments of this type are possible for
elasmobranchs given the proper data, but the accumula
tion of such data would require extensive commercial and
recreational catch sampling programs and laboratory
analysis (e.g., ageing). In the absence of such data bases
at the present time, concern was expressed as to how the
size of elasmobranch stocks could be estimated. Anderson
(1990), in discussing fishery models applied to elasmo
branchs, suggested fishery-independent surveys (trawls,
longlines, etc.) and mark-and-recapture experiments

as means to obtain stock size estimates. The wide-ranging
distribution of many species of sharks would also require
knowledge of stock identification. It was also suggested
that the direct stock-recruitment relationship in sharks
might prove to be useful in obtaining abundance esti
mates for some species in a way not possible with tele
osts. The presence of nursery areas for some shark
species that have limited distributional ranges, in which
the young remain localized for a sufficient period, would
permit tag/recapture studies for estimating first the abun
dance of the young and second (knowing litter sizes and
sex ratios) the abundance of the parent stock. Such an ap
proach would not be feasible in the case of a wide-ranging
speCies.

The Far Seas Fisheries Research Laboratory, Fisheries
Agency ofJapan, conducts basic research and assesses the
status of the demersal finfish stocks in the North Pacific.
Single-species models are used primarily to assess these
stocks. However, work has recently begun on the develop
ment of ecosystem models to investigate the interrelation
ships among the demersal stocks, marine mammals, and
birds in the Bering Sea. The possibility of applying such
a model to investigate the relationships between sharks and
their prey was suggested. Since the Laboratory is also in
volved in investigations on the population dynamics of
marine mammals, it was suggested that attempts should
be made to encourage the application of this expertise to
some of the elasmobranch stocks. This possibility was
acknowledged, but would require additional funding. It
was also pointed out that the Laboratory places con
siderable emphasis on tuna research and assessment, but
little or none on elasmobranch research because of the low
value of the resource.

Bycatch and Discards _

The catch of sharks is about one-third of the tuna/billfish
catch in the Japanese longline fisheries. Longlines fished
near the surface take spearfish, billfish, and pelagic sharks;
whereas longlines fished in deeper waters for tuna take
deep-water shark species. The majority ofJapanese long
line effort has been directed towards tuna in the Pacific
and, consequently, has taken primarily deep-water sharks.
The Japanese shark catch in the Pacific has, therefore, been
only about 30 % of the relatively high level in the Atlantic,
where more longline effort has been directed towards
billfish and has resulted in higher catches of sharks which
are more prevalent near the surface.

Records indicate that the bycatch of sharks in the
Japanese pole and line fishery for skipjack tuna is very low
or nonexistent, although sharks cause considerable damage
to the hooked tuna.

Specific information on the general distribution of indi
vidual species of sharks taken as bycatch in longline
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fisheries is difficult to obtain, although some data for cer
tain species based on Japanese records do exist from the
Pacific. In the Atlantic, the various longline fisheries (e.g.,
Japanese tuna and U.S. swordfish) generally operate in
specific areas, and the shark bycatch depends on the area
and the target species. U.S. swordfishermen experience a
higher shark bycatch than do Japanese tuna longliners.
Even though the percentage of shark bycatch in the
Japanese longline fishery in the Atlantic is relatively low,
the numbers taken are excessive in the view of U.S. recrea
tional fishermen.

Many of the elasmobranchs taken as bycatch in fisheries
directed towards other species are discarded. Estimates of
the extent of the discarded shark bycatch in some fisheries
(e. g., longline fisheries for billfish/tuna and U. S. recrea
tional fishery) were reported in some of the papers pre
sented. Records from the training vessels of Japanese
fisheries and from many commercial vessels suggest that
about 25 % of the shark catch in their longline fisheries is
landed and reported and the rest is discarded. Additional
sources of shark bycatch and discard were identified (e. g. ,
hake fishery off South Africa), with indications that quan
titative estimates were potentially available.

The survivability of discarded sharks, particularly in the
longline and recreational fisheries, was discussed. Survival
of released sharks depends on many factors, such as species,
time on the hook, depth of water, etc., but based on data
obtained from Japanese longline vessels operating within
the U.S. Fishery Conservation Zone (FCZ) in the Atlan
tic, it is relatively high (e.g., survival on the line may be
70% or higher for blue sharks). More reliable data on sur
vival may be available in the future from experimental
longline surveys conducted for tag/release studies. Recent
survey results indicate that 55-75% of the sharks caught
in the U. S. recreational fishery are discarded alive (Hoff
and Musick 1990). Although a high proportion of many
shark species caught either by longline or recreational
fishing (e.g., rod and reel) have been observed to be alive
and in apparent good condition at the time of discarding,
studies have shown that mortality often occurs later because
of the effects of physiological stress. Elasmobranchs taken
as bycatch in a trawl, however, are generally in very poor
condition when brought aboard the fishing vessel and the
survival rate of discards is extremely low. Data indicate
differences among species in survivability. It was suggested
that the available survival potentials of different shark
species following hook release should be compiled.

Research Funding _

Research on elasmobranchs has generally been assigned
relatively low priority by most countries and funding
organizations. Much of the work done to date has been
possible only because of the efforts of innovative investi-

gators and/or fortuitous circumstances which have allowed
studies to be funded from sources designated primarily for
other purposes. Elasmobranch research is not receiving the
priority consideration that it requires. Even though the
market value of elasmobranchs as a whole is far less than
that of finfish, evidence is rapidly accumulating on the
delicate nature of these animals, in terms of their suscep
tibility to overexploitation and rapid depletion, on their
importance in marine ecosystems, and on their value as
food sources and bio-medical research subjects. Increased
funding and higher priority for elasmobranch research are,
consequently, necessary and should be recommended. Data
collection at the species level from both commercial and
recreational fisheries must be improved. Further biological
and life-history information and knowledge on stock status
and responses to fishing are desperately required, as is the
proper implementation of this knowledge towards the ef
fective management of the resources.

Management Issues _

Questions were raised as to the minimal amount of infor
mation required to assess and/or manage an elasmobranch
stock. Even though U.S. law requires using the best avail
able data in developing fishery management plans, the data
available on most elasmobranchs are grossly inadequate
from the biological point of view. Must major data collec
tion programs be implemented before assessment and
management are possible? Managers must ultimately
decide whether there is a need to manage a given stock
or fishery and whether the scientific knowledge is sufficient
to provide a proper basis for any envisaged regulations.

The assessment and management of sharks or other
elasmobranchs must require some knowledge of their stock
identification. As little is known about this, it was recom
mended that (1) tagging studies should be conducted to
provide better information on distribution, migration pat
terns, stock structure, and growth and that (2) population
genetics should be investigated further as a tool for stock
separation making use of some of the new and powerful
electrophoretic and mitochondrial DNA techniques. Inter
national cooperation and collaboration in both of these
areas of study are necessary because of the wide-ranging
nature of shark species.

The social and economic value of recreational fisheries
for sharks was emphasized. On the east coast of the United
States, the growing recreational fishery for sharks is cur
rently much more important economically than the com
mercial fishery. Summer shark tournaments have been and
will continue to be excellent sources for catch-rate data and
various types of biological information. The potential
political power and influence of the recreational fishing in
dustry, if motivated, organized, and effectively focused,
with a thorough economic evaluation of the recreational
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shark fishery, could be very instrumental in encouraging
the serious consideration of an active conservation and
management program for sharks by the U.S. Federal Gov
ernment. In some areas and for some species, the growing
importance of recreational fishing for sharks may lead to
the sharp reduction or elimination of commercial fishing
for sharks in future management plans.

There is generally a stronger motivation for the imple
mentation of a management plan when the resource in
question is depleted than when it is abundant. From the
management point of view, the use of analytical models
that would only provide estimates of MSY (even if encom
passing geographical areas which may include multiple
stocks of a given species) would be acceptable, because even
that would represent a major step forward from the pres
ent state of knowledge. The estimation of MSYs would
probably lead to management based on catch quotas which,
for some areas, would be allocated to user -groups such as
domestic commercial fishermen, domestic recreational
fishermen, or foreign commercial fishermen. It was ques
tioned whether sharks would be better managed by means
of catch quotas or minimum size limits. The latter ap
proach was considered impractical given the wide range
in sizes of adult sharks (i.e., the young of some species are
the same size as the adults of other species and multiple
species are taken by most fisheries).

The lack of elasmobranch management and the low
priority given to research and data collection in their fish
eries has been attributed to their low value relative to most
finfish or to the perception that their abundance is not low
and hence does not require any remedial action. However,
in the case of sharks, once it has been determined that stock
abundance is low, it is probably too late for the stock to
benefit from management. The low market value of sharks
is a weak guideline on which to base a decision to manage
or not manage them, given the fact that they are obvious
ly a key element in the marine ecosystem. Managers must
consider what effect the annual removal from the world's
oceans of over 1/2 billion apex predators that cannot be
replaced for 20-30 years has on the remaining animals.
There are numerous examples of the adverse effects that
have followed the creation of ecological imbalances. Along
the South African coast of Natal, the annual beach net
ting and removal of over 2,000 large sharks at a yearly cost
of over $2 million has resulted in a population explosion
of an undesirable smaller species of shark, In terrestrial
ecosystems, there are documented popuiation explosions
of prey animals (e.g., Kaibab deer in Arizona) with un
desirable aftermaths (starvation and population decline)
following the drastic reduction of their predators (e. g.,
wolves, coyotes, cougars). Based on these and other un
fortunate experiences and our current knowledge of the
fragility of elasmobranch stocks, it is irresponsible not to
manage them properly, simply because they are perceived
to be economically unimportant.

Attitudes and Uses _

Public attitude towards elasmobranchs (particularly sharks)
is a major reason for their low priority. For example, in
Guam, the Mariana Islands, and Christmas Island, as well
as many other areas, it is perceived that the only good shark
is a dead shark, and sharks are not considered to be recrea
tional species. This attitude contrasts with that in other
Pacific cultures where sharks are appreciated or at least
tolerated. Sharks are feared because of damage done to
fishing gear and and because of attacks to humans on swim
ming beaches. According to Polynesian legend, the mako
shark is the reincarnation of a human; consequently, it is
treated with respect as a god or as a family member. Sharks
are not sought after as a food product or by-product in
Hawaii, but are perceived to be dangerous because of en
counters with them on public beaches which have resulted
in bounties and eradication programs. In many other parts
of the world, sharks are similarly feared and thus hated.
Fishermen for other species view them as competitors.
Such attitudes must change before funding priorities will
Improve.

Attitudes towards sharks, the perceptions of their eco
nomic, ecological, and cultural value, and the concerns for
increased support and funding for research, data collec
tion, and management expressed at this meeting, reflect
primarily the views of only two major countries, Japan and
the United States. These two countries, among the most
rich and powerful in the world, account for only about 10%
of the world's catch of cartilaginous fishes. Fisheries in
volving elasmobranchs are conducted in many different
ways, under different conditions, and for different reasons
in other countries. The diverse attitudes, fisheries, and uses
of sharks throughout the world need to be kept in proper
perspective when considering future management and con
trols on fisheries. As mentioned previously, however,
proper management of elasmobranchs must be done on
a stock or population basis, taking into account their
wide distributions which frequently traverse national
boundaries.

Consideration was given to some of the important uses
of elasmobranchs. They represent an important food source
as well as a source of various by-products used for cos
metics, and biomedical applications. Biomedical applica
tions may be most important in cancer research. The sim
ilarity and uniqueness of the various biological systems in
elasmobranchs make them very useful in general studies
with human application. These would include, for exam
ple, studies on cartilage, neuroreception, olfaction, ionic
regulation, and hormone receptors.

The possibility of developing specialized fisheries for
some of the deep-sea shark species was suggested as a
source for highly edible flesh and by-products such as
squalene. In some cases, the estimated biomass levels would
appear sufficiently high to support fisheries. However, it
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was felt that fisheries on these deep-sea shark resources
should not be encouraged as they would very likely suc
cumb to fishing pressure in a relatively short time, as have
most other shark stocks similarly exploited. Furthermore,
the development of fisheries on sharks to provide a specific
by-product such as squalene is not justified because it can
generally be synthesized relatively inexpensively.

Summary _

The Workshop stimulated useful discussion on data re
quirements and analytical approaches for assessment and
management, provided a forum for the further elabora
tion of topics and questions raised in various papers pre
sented during the conference, and produced suggestions
of broad topics for further research and collaborative inves
tigation by U.S. andJapanese participants. It is hoped that
this and other reports and papers presented at or resulting
from this U.S.-Japan Workshop on Elasmobranchs as Liv
ing Resources will have a positive impact and influence on
decision-makers in these and other countries and will lead
to an enhanced attitude concerning the need to support
further research and data collection on elasmobranchs and
to more seriously consider the need for initiating manage
ment programs for these important resources.
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Age and Growth, Reproduction, Shark Tagging,
and Systematics _

As Tom Hoff, Emory Anderson, and others have pointed out in this volume,
accurate information is needed on each elasmobranch stock to understand and
predict its relationship to a fishery. On a broader scale, information is needed
on all elasmobranchs to understand their role in the ecology of the oceans. In
our workshop sessions, much interest was given to recommendations for future
research. Working groups were formed and charged with the task of produc
ing a statement of future research needs with recommendations. The follow
ing sections are their report.
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Recommendations for Research Needed to Better Understand
the Age and Growth of Elasmobranchs
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It has only been in the past several decades that scientists
have directly approached the question of growth rates,
longevity, and age composition of elasmobranch popula
tions. Most of this research has been stimulated by increas
ing interest in elasmobranchs as fishery resources. Despite
the recent increase in the number of studies on elasmo
branch age and growth, there are many areas of research
which need prompt and serious attention.

Verification of Growth
Zones in Calcified Structures _

The major problem originally facing biologists studying
age and growth of elasmobranch fishes was the unavailabil
ity of hard structures, such as scales or otoliths, which clear
ly demonstrated growth zones. Examination and use of
elasmobranch vertebral centra for such purposes have pro
duced the majority of results in this field. In other groups,
such as sturgeons and bony fishes, comparisons of growth
zones among different structures from the same speci
mens provide verification of age information. For those
species with several calcified structures, such as the squa
loid sharks which have vertebrae and fin spines, these
cross comparisons will be important for verifying growth
information.

Precision and Accuracy _

Several mathematical expressions have been created to
evaluate the precision of age estimates. These include the
average percent error (A.P.E.) and the index of precision
(D); both have been used in studies of bony fish growth,

but seldom have been applied to elasmobranch studies. If
the age of a specimen is known, through tag-recapture
studies or laboratory rearing, accuracy can be assessed.
Both precision and accuracy need to be estimated in future
studies of elasmobranch age and growth.

Growth Models _

A need for growth models that fit the observed length at
age information is common to all fish growth studies. The
von Bertalanffy growth equation is currently the most com
monly used model to describe the growth of elasmobranch
and other fishes. Unfortunately it fits many of the slower
growing species very poorly. Some of these poor fits can
be attributed to individual variation and sample size prob
lems. Other discrepancies are due to poor fitting tech
niques, such as reliance on linear parameter estimation,
rather than curvilinear fits, such as those obtained using
Marquardt's algorithm. Some elasmobranchs exhibit the
slow growth and long lives typical of cetaceans and terres
trial mammals. Growth algorithms need to be borrowed
from nonteleost sources to better fit the elasmobranchs
fishes.

Sample Sizes _

Even though researchers have consistently attempted to ob
tain sufficient numbers of representative sizes of each
species of elasmobranch studied, most studies have suffered
from sample size and range problems. This results in in
accurate estimates of the growth model parameters. The
asymptotic length (Leo), growth coefficient (K), and the
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estimated age at which size is zero (to), all parameters
of the von Bertalanffy growth equation, will be poorly
estimated from inadequate samples of large and/or small
individuals of a particular population. Sample size in
adequacy will also detrimentally affect age composition
data, which are useful for evaluating year-to-year varia
tion in a population, especially as this is related to fishing
pressure.

Individual Variation _

It is well known that individuals of many vertebrate popula
tions vary considerably in the size at which they reach a
certain age, or in the age they reach by a given size. Despite
this knowledge, many studies of fish growth have attempted
to describe the growth rate of all individuals of a popula
tion or species with a single curve or line, ignoring in
dividual variation. Tagging studies have demonstrated
negative to extremely positive individual growth within a
specific amount of time. Individual variation in elasmo
branch growth patterns should be incorporated into our
results.

Tagging Studies _

One of the most successful age validation methods is tag
and recapture analysis. This enables one to measure the
specimen, remeasure it once it is recaptured, and thus cal
culate growth over a known time period. Additionally,
marking the calcified structures of the organism with oxy
tetracycline (OTe) allows an evaluation of growth zone
deposition periodicity. Although this approach has been
successfully used with many fishes, its use with elasmo
branchs has been minimal. Thus, it is a very promising
method to apply in validating growth zones in calcified
structures of elasmobranchs that and can be utilized in both
laboratory and field studies.

New Methods of Age
Determination and Verification _

Despite the general use of vertebral centra and fin spines
as age determination structures in elasmobranchs, addi
tional approaches to assessing age and growth in these
fishes are needed. Many species have poorly calcified
skeletal structures and are difficult or impossible to age.
In others, the growth zones do not appear to accurately
reflect somatic growth information. Several new tech
niques have been developed that may be able to help fill
the gap in our knowledge of the age and growth of these
fishes.

Image Analysis
and Computer-aided Ageing _

With the advent and availability of personal computers,
microscopy has been coupled with computer and video
monitor technology to aid researchers in analyzing growth
information from calcified structures. These systems
generally use image analysis to increase objectivity and
speed in estimating growth. This assumes, of course, that
objective criteria for growth zones can be established at
the start of the project to insure interinvestigator consis
tency. Also, this approach requires calibration and stan
dardization procedures for each species and structure
studied.

Electron Microprobe
and Elemental Microanalysis _

The technology to analyze concentrations of elements in
calcified structures recently has been developed and is an
additional method of verification of growth zone period
icity. This technique can be used to assess chemical dif
ferences that may be correlated with visually identified
growth zones in the calcified structure. While this approach
has been applied to bony fishes, it has rarely been used
to evaluate elasmobranch fishes.

Radiometric Dating _

Radioisotopes of some elements occur in the calcified
structures of certain organisms. The decay rates of these
isotopes, which are incorporated into the calcified struc
tures over the life of the fish, can provide an indepen
dent assessment of age. This method was not entirely
successful in initial studies of elasmobranch fishes, pri
marily because uptake of the isotopes was not constant with
time. and isotope concentrations were not static after in
corporation into these structures. However, it is possible
that these problems may not exist for other structures
or other species. Thus, this approach is worth further
evaluation.

Stable Isotopes _

To assess the growth history of individual organisms and
the potential influence of environmental factors on growth,
stable isotopes have been analyzed in calcified structures
of shellfish and bony fishes. This approach has not been
used for elasmobranchs, but certainly has promise. How
ever, the same problems as discussed above for radiometric
dating may apply to this method.
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Tissue Protein Concentrations _

Certain proteins are hypothesized to accumulate in the
tissues of organisms. One of these, lipofuscin, has been pro
posed as an independent index of age because it appears
to accumulate at a predictable rate and is not reabsorbed
over the life of an organism. While experiencing method
ological difficulties in its initial use as an age-determination
technique, this approach has distinct promise for ageing
large, fast-moving, and relatively rare organisms, such as
elasmobranchs and billfishes.

Calcification Physiology _

All but one of the elasmobranch species studied thus far
exhibit annual growth zones in their vertebral centra and
fin spines. It is extremely important to determine the

physiological mechanisms responsible for this temporal
deposition pattern. In a very few studies of calcification
in fishes, the hormone calcitonin has been implicated
as an important factor in controlling blood levels of
calcium. The suggestion is that temporal periodicity of
calcium uptake from food, deposition, and/or resorption
among the circulatory system and tissues of vertebrates
is regulated by the endocrine system via the production
of hormones like calcitonin. This control most likely is
moderated by at least three abiotic factors, including day
length, temperature, and water chemistry, and four biotic
factors, including food, predators, parasites, and com
petition, all of which may be density-dependent or in
dependent. This hypothesis has been only generally
approached in bony fishes and has not been tested in elas
mobranchs. Thus, this research could be productive in
characterizing the age, growth, and longevity of elasmo
branch fishes.
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Reproductive strategies are a limiting factor in elasmo
branch fisheries. (See Pratt and Casey 1990.) Understand
ing elasmobranch reproduction is vital to the success of
fisheries management. The following recommendations
may serve as initial guidelines to the continuing elucida
tion of elasmobranch reproduction.

Size and Age at 50 % Maturity _

Because of differences in life histories and reproductive
strategies, elasmobranch species vary greatiy in their
relative size and condition at reproductive maturity.
The female blue shark, Prionace glauca, for example, first
matures those organs needed for spermatozoa storage,
them some months later the eggs become ripe. As a
consequence of these unique strategies; the length and
age that 50% of the population reaches maturity must
be determined for each sex of each species. To generalize
these parameters would lead to gross inaccuracies. Age
should be determined by a validated methodology. Sex
ual maturity should be determined by the most accurate
method possible. Presence of fully developed sex products
is the most precise indicator. The condition of claspers
and uteri are not as definitive as the presence of sperm
packets in the terminal storage areas of the ductus
epididymides (ductus deferens) or the presence of embryos
or ovarian eggs determined to be full-term or ripe by
seasonal sampling. The determination of maturity must
take into account the possible seasonality of sex product
development. Are the mature members of a species fertile

or fecund year round or only during a mating season?

Courtship _

In the future, these areas may need to be protected from
fishing pressure. If sperm storage is employed by the female
(as in the blue shark), it may mean that more males are
available to the fishery without loss of breeding stock. The
males of some species, such as the sandbar, Carcharhinus
plumbeus, and the blue shark inflict deep wounds on the
female during courtship. This possible source of mortality
should be understood for inclusion in estimates of total
population mortality.

Pregnancy _

Reproductive mode, gestation or hatching time, and fre
quency of pregnancy are poorly known and have great
management significance. We need to determine if gesta
tion and embryo production are determined by tempera
ture, a solar or lunar year, other environmental cycles, or
are random. The natural sex ratio, number of embryos or
eggs released, and overall fecundity must be determined.
In some species the number of young increases as mater
nal size increases; in others, the size of young increases.
In the face of a fishery, production would probably favor
an increase in the numbers of young rather than the size
of young if the females are allowed to attain sizes of max
imum production.
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Fate of the Young _

The size at birth, determined by the observed size of the
largest embryos and the smallest free-swimming individuals
and the location at which these fish are caught, can establish
the pupping area, time, and location of birth. The distribu
tion and early migrations of neonates is of critical impor
tance to their survival success.

Habitat Requirements _

The courtship and pupping areas, whether estuary or open
sea, must be defined oceanographically. The presence and

abundance of prey, competition with other species, pred
ators of young, basic water chemistry, possible pollutants
and competition with man for food and space must be
quantitatively described for each species of elasmobranch
of sport or commercial interest.

Effects of Fishing _

Does fecundity increase as stock size decreases? The size,
age, and reproductive profile of the impacted population
should be determined and related to how these factors affect
a specific fishery. For example, does the fishery depend
on immature sharks or pregnant females?
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Fish tagging began about 100 years ago and by 1910 fewer
than 100,000 fish of all species had been tagged. An
accurate number of fish tagged since then is unknown, but
it is many millions considering over 30,000,000 Pacific
salmon have been released annually in recent years. In con
trast, less than 400,000 sharks, including dogfish, have
been tagged throughout the world during the past century
and most of these have been tagged during the past three
decades. Some obvious reasons for fewer tagging studies
on sharks are that sharks, particularly large individuals,
are difficult and expensive to capture and handle; some
species range over broad geographic areas and are available
for only brief, seasonal periods. In many parts of the world
sharks have not been of value in traditional commercial
fisheries. In addition, deep-water forms require specialized
capture equipment that has been developed only recently.
Moreover, it is only in the past 30 years that tagging
methods have been developed that have been used suc
cessfully on sharks.

As a consequence of these obstacles, knowledge ofmigra
tions and other elements of shark biology are incomplete
for nearly all species. This is generally the case despite some
successful past and present tagging programs in different
parts of the world, including Australia, Japan, South
Africa, the U.S.A., and several European countries.

For the sake of convenience in discussing recommenda
tions, we arbitrarily assigned shark tagging studies to the
following two closely related categories: 1) Basic Studies
which are directed toward understanding the biology and
life history of a species, and 2) Applied Studies which are
directed toward the practical application of tagging-recap
ture data with respect to problems of fisheries management
or to evaluating the impact of human activities on sharks.
In the broad sense, the eventual"applications" may vary
from stringent conservation efforts to protect a species from

overfishing, to reducing shark populations where they com
pete with or represent a danger to man.

Basic Studies _

Social organization in sharks is complex and poorly under
stood. It is known that many species use different areas
for mating, pupping, nursery grounds for juveniles, and
that adults segregate by sex and often occupy entirely dif
ferent areas for most of the year. Highly pelagic species
are distributed over entire ocean basins. Some coastal
species migrate over a wide latitudinal range, while littoral
sharks may show very little movement, and deep-water
species may segregate solely by depth. Tagging studies on
the blue shark, Prionace glauca, in the North Atlantic Ocean
during the past 25 years provide evidence that important
mating grounds are located off North America, while the
primary pupping grounds and nursery grounds for very
young blue sharks are thousands of miles away off Southern
Europe and Africa. Tag and recapture data from the sand
bar shark, Carcharhinus plumbeus, an example of a coastal
species, has shown north-south movements of2,000 miles
along the North American coast between the northeastern
United States and Mexico. Species of littoral sharks in
cluding the nurse shark, Ginglymostoma cirratum, may com
plete their life cycles within a geographic range of less than
100 miles. Almost nothing is known about the movements
and ecology of most of the bathypelagic sharks. What little
is known about deep-water forms such as the cat sharks
(Scyliorhinidae) suggests that they do not migrate far but
segregate into different depth zones by size and sex.

Tagging programs as a means for advancing knowledge
of the basic biology and ecology of sharks should include
the following studies:
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1. Migrations of important species with emphasis on
delineating their migratory pathways in space and time
for each segment of the population.

2. Age and Growth of important species to validate age
estimates from anatomical parts, size-frequency data,
and other ageing methods.

3. Natural Mortality to identify natural cycles of abun
dance before stocks are impacted by fisheries and to
evaluate mortality from intra- and inter-species relation
ships that may act as natural population controls.

4. Behavior (including acoustic tagging) to determine
diurnal and local movements, mating, and reproduc
tive behavior, and predator-prey interactions.

5. Habitats (including satellite tracking and imagery) to
identify and classify habitats for different life stages, par
ticularly those habitats that are likely to be impacted
by pollution, coastal development, and other human
activities.

Applied Studies _

The tagging of fish for studying population dynamics is
credited to C. G. Peterson in 1896. Since that time, tag
ging as a means for estimating mortality and population
size has been used as a standard tool that has been applied
to a myriad of fish stocks throughout the world. Although
the field of population dynamics has produced a variety

of powerful analytical methods that use tagging data,
relatively few tagging programs have been directed to
studies of the population dynamics of large sharks.

Currently, there is growing concern for overfishing
stocks of sharks in some parts of the world, while in others
efforts are being made to reduce shark abundance. The
effects of management incentives directed to maximizing
yields or otherwise controlling shark populations are dif
ficult to predict because in most cases fisheries data are
incomplete or lacking. Tagging studies can help to fIll the
need for population dynamics data which are, in the case
of rapidly expanding shark fisheries, particularly acute.

Future shark tagging programs should include studies
designed to

1. Identify different reproductive populations, races,
and/or stocks which can be managed as separate
units.

2. Estimate population sizes, exploitation rates, and rates
of recruitment.

3. Develop test models that attempt to monitor and pre
dict the effects of fishing and other sources of man
induced mortality on shark populations.

4. Provide real time fishing mortality estimates of both
target and nontarget species.

5. Encourage international cooperation on stocks of
pelagic sharks that are utilized or taken incidentally in
multinational fisheries.
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Although research on cartilaginous fishes is marginally
funded in most parts of the world, important advances in
our knowledge of chondrichthyan systematics, geographic
distribution, and evolutionary biology have been made dur
ing the past few decades. Future research should continue
to investigate the major groups but place additional em
phasis on the lesser-known orders such as the squaloids,
squatinoids, pristiophoroids, heterodontoids, rhinobatoids,
myliobatoids, and chimaeroids. An immediate goal should
be the publication of volumes on world batoid and
chimaeroid fishes. An interim measure would be a faunal
list of world chondrichthyans.

Standards _

Perhaps the most important long-term recommendation
for systematic research on chondrichthyans is support for
an international commission to establish standard measure
ments and counts, and agreement on how these are to be
made. It must be recognized that these will vary with

different taxonomic groups. Additionally, standards for
measurement of taxonomically significant internal and
external structures, including chondrocrania, scapular and
pelvic girdles, claspers, vertebrae, teeth, dermal denticles,
and soft tissues such as spiral valves and gonads must be
established. To the greatest extent possible, nomenclatural
standards for anatomic terminology, abbreviations and
morphologic description (such as size, shape, coloration,
marking and thorn patterns), should also be established.
Standards for determining and describing stages of sexual
maturity, condition of reproductive organs and develop
ment of embryonic and fetal stages would be most useful.

Recording Documents _

Standard recording documents should be developed and
widely disseminated. These should include forms to be used
by fishermen, fisheries workers, and fish processors to re
cord needed field information, including species, size, sex,
maturity, coloration, markings, environmental parameters,
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geographic location, capture method, and other data.
Other forms for systematists and systematic collections per
sonnel would be used to record standard measurements,
counts, and other taxonomically important data. Correct
ly designed forms, which can extract all the needed infor
mation, yet be easily used and universal in their applica
tion, are badly needed.

Emphasis should be given to standardizing these forms
for international use to serve as documents to support a
systematic database, for which international agreement,
developmental funding, and support would most likely be
needed.

Databases _

An international database which accepts and continuous
ly updates field and systematic input must be developed.
Priority should also be given to developing databases for
systematic collection holdings, host-parasite records, and
bibliographic data entries. Laser disc technology could be
used for archival purposes.

Consideration should be given to subsidizing the cost
of using such databases, to permit access to capable and
qualified researchers on limited budgets.

Lists and Announcements _

Less formal than databases, and quite suitable for interim
or localized information exchange, are lists and announce
ments, both for information available and for what is
needed. Examples of the first might include collection
holdings, recent additions to collections, type specimens,
and specimens available for loan or exchange. To increase
collaboration in obtaining specimens, announcements of
forthcoming collecting trips, research vessel cruises, and
lists of supportive sport and commercial fishermen should
be distributed. Examples of the second might include lists
for needed specimens, "parts" Uaws, teeth, stomachs,
reproductive organs), parasites, photographs or slides, and
literature. The American Elasmobranch Society Newsletter, the
Chondros newsletter, the Report ofJapanese Society for Elasmo
branch Studies, and the Newsletter ofSystematic Ichthyology cur
rently serve as an informal forum for such announcements.

Facilities _

Chondrichthyans are the largest fishes, a characteristic
which has proven to be one of the greatest setbacks to
systematic research. Because of their large size and the
great expense associated with collecting, preserving, trans
porting, and storing specimens, they are often poorly
represented in systematic collections.

A review of current research facilities should be under
taken to identify needed updates.

It is not inconceivable that a safe, effective, and prac
tical preservation method using a gaseous, cryogenic, ionic,
or other medium could be developed, and research toward
this end should be undertaken. Until such a time, however,
containers of alcohol or formalin appear to be the only prac
tical and widely used means of preserving chondrichthyan
specimens.

Improvements in storage containers and handling sys
tems should be considered. A standardized design to allow
interchangeability, repair using standard parts and com
petitive procurement of large lots, to obtain the lowest
possible unit price, should be developed. Several conve
nient sizes should be considered, including sizes to accom
modate large specimens to 20 feet total length. To save floor
space in collection rooms, containers should be designed
to be stackable, and integral handling systems should be
used similar to those common to warehouses, to retrieve
the container and transport it to the work area. Containers
should be relatively shallow, have broadly rounded cor
ners, built-in sensors for low fluid levels or chemical im
balance, and be fitted with integral lifting baskets. Han
dling systems should be designed to permit retrieval from
both sides, allowing two stacks to be served by a single
aisleway.

Work areas should be considered for updating to per
mit safe and efficient handling of large specimens. Hoists
with slings for lifting and turning specimens and monorails
to ease movement between workstations are important.
Adequate lighting and ventilation should be provided.
Floors, tables, and walls should be made of materials which
permit hosing down. Industrial drains to handle large
quantities of liquids while trapping particulate matter
should be installed. Ventilation scrubbers and liquid sep
arators may be required to meet environmental regulations.

Some costly but useful and labor saving technology could
include adjustable-height measuring tables with suspended,
positionable holders for stereomicroscope heads, ring light
magnifiers, cameras or other optical devices. Electronic or
electro-optical measurement capabilities, using digital
calipers, position indicators, and numeric keypads ~ould

permit direct entry of measurements into computerized
databases. Properly shielded work areas, with x-ray tubes
positioned on gantries, would simplify radiography oflarge
specimens. Programmable, fluoroscopic imaging systems
would permit real-time investigation of skeletal and other
internal structures. Documentation of especially large
specimens could be accomplished using videotape; and
archival storage could use laser disc technology.

Standards for nomenclature, description, and catalogu
ing of fossils should be compatible with those for living
chondrichthyans, to the greatest extent possible. Record
ing techniques and documents should be standardized to
permit development of databases that could be queried by
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geologic strata, era, geographic location, or other fields.
Bibliographic databases should be developed and literature
archived using laser disc technology.

Development of criteria for biochemical techniques to
support systematic study should be undertaken. Karyotype
studies, nuclear DNA composition and immunological
techniques to determine phylogenetic relationships, have
been accomplished on only a relatively few species of chon
drichthyans, owing, in part, to the requirement for live
specimens, their relatively large size, occasional aggres
siveness, and relative inaccessibility. Standard techniques
for collecting and processing biochemical samples should
be developed for field use by nonbiochemists. Findings
should be entered in a database which could be queried
according to species or other taxa.

Chondrichthyans are host to a variety of ectoparasites
and endoparasites, most of which are rather host specific.
As such, they can be excellent indicators of phylogenetic
interrelationships. Research efforts should include develop
ing standard techniques for collecting, identifying, and
preserving parasites. Field and laboratory input records
should be developed to link host, parasite, location, envi
ronmental, and other parameters in a database.

Support for the Nonspecialist _

There are many examples in which the nonspecialist-the
sportsman, commercial fisherman, fishery worker, or scien
tist from an unrelated field-has made the initial find of
a new chondrichthyan species. Their continued involve
ment should be encouraged and supported. Concise,

understandable, and easily used identification guides, in
a number of languages, should be developed and made
readily available. Suitable low cost specimen containers in
a variety of sizes should be developed and made available
to fishermen, field researchers and others willing to supply
specimens. A scientific "need list" should be published and
widely disseminated. Where specimens must be shipped,
cooperative agreements among local institutions and agen
cies, to absorb the burden of packaging and shipping ex
pense, should be established.

Chondrichthyan Research Centers _

Because of their unusual storage and handling require
ments, and the high cost and physical impracticality of
upgrading many existing collection facilities, consideration
should be given to support the establishment of a number
of regional chondrichthyan research centers. These centers
could be funded and operated jointly by government, aca
demic, and private interests. They would provide regional
focal points to serve as clearing houses for information and
specimen exchange, and to help coordinate research efforts.
They would be equipped to provide extensive computer,
database, library, archival and training support. They
would have well-equipped research facilities with on-site
dormitory facilities for visiting scientists. A portion of their
construction costs would be amortized by serving as repos
ititories for specimen storage. They would do much to
alleviate the often crowded conditions in existing collec
tion facilities by assuming collection management respon
sibility for the largest, if not all, chondrichthyan specimens.
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